IMPORTANCE Despite its documented undercapture of mortality data, the US Social Security Administration Death Master File (SSDMF) is still often used to provide mortality end points in retrospective clinical studies. Changes in death data reporting to SSDMF in 2011 may have further affected the reliability of mortality end points, with varying consequences over time and by state.
M ortality is one of the most important end points in clinical research, but assessing mortality in the United States is difficult. The National Death Index maintained by the Centers for Disease Control and Prevention is a comprehensive database for mortality investigations in the United States. Yet, owing to its associated costs and availability lag of up to 2 years, use of the National Death Index has not been widespread. Researchers often turn to the US Social Security Administration Death Master File (SSDMF) as an alternative. The SSDMF is maintained by the Social Security Administration, relies on death reports from a variety of sources, and offers a quick and inexpensive alternative to National Death Index data. The Social Security Administration has noted that their records are not meant to capture all deaths in the United States 1 and previous work has documented the incompleteness of the SSDMF to ascertain mortality. [2] [3] [4] The SSDMF became even more limited in 2011, when the Social Security Administration removed death data reported by state-based agencies. 5 Nevertheless, published observational research continues to reference mortality estimates based on the SSDMF. [6] [7] [8] [9] [10] [11] [12] [13] Although previous work 2-5 has discussed the relative completeness of the data set, the association of the policy change with observed temporal trends in mortality and geographic variation in SSDMF completeness has been less well described. In this analysis, we examine associations between changes in reporting in the SSDMF and observed trends in mortality for a large cohort of patients with atherosclerotic cardiovascular disease (ASCVD).
Methods
We evaluated time-to-death data in adults with ASCVD using the SSDMF linked to the MarketScan commercial insurance and Medicare databases (IBM). 14 This analysis was approved by the Duke University Institutional Review Board, which waived informed consent because the study used deidentified data. Data analysis was conducted between April 18 and May 21, 2018. Inclusion criteria were as follows: (1) adults 18 years or older as of January 1, 2009; (2) at least 1 claim for an inpatient, emergency, or outpatient visit with a health care system between January 1, 2012, and December 31, 2013; (3) continuous enrollment from January 1, 2010, to January 1, 2012; (4) ASCVD, determined according to International Classification of Diseases, Ninth Revision, diagnosis or procedure codes for coronary heart disease, cerebrovascular disease, or peripheral arterial disease and procedure codes for coronary, cerebral, or peripheral revascularization; and (5) availability of a Social Security number in the MarketScan database to enable a link to the SSDMF. States (n = 9) with fewer than 1000 individuals with ASCVD in the analysis cohort who met the inclusion criteria were excluded, owing to the lack of precision in mortality rate estimation secondary to sample size.
Mortality was evaluated for up to 24 months from the index date, set as the first visit claim date in 2012, and the cumulative incidence of mortality at 24 months was estimated through the Kaplan-Meier method. Median state-specific mortality rates were estimated as the number of events per 100 person-years of followup. Analyses were stratified by the commercial and Medicare population. A survival model assuming Weibull distribution for time to death was used to test for constant hazard of death during follow-up with a shape parameter equal to 1, indicating an exponential distribution (constant hazard).
To compare state-level mortality rate variability from the SSDMF with the state-level mortality variability from the National Center for Health Statistics (NCHS), which is considered the criterion standard, we accessed the 2012 state-level mortality data from the Centers for Disease Control and Prevention WONDER databases (http://wonder.cdc.gov) for the following age groups: 55 to 64 years and 65 to 74 years. These age group-specific death rates were then compared with 1-year state-level mortality rates for adults in the commercial cohort (age 55-64 years) and Medicare cohort (age 65-74 years). The correlations were assessed using the Spearman correlation coefficient and its associated P value; P < .05 was used for statistical significance of the correlation coefficient.
Results
Among the 41 states with at least 1000 individuals with ASCVD in the MarketScan databases (N=667 516), 274 005 adults had commercial insurance (171 959 In the commercial population, the median (IQR) mortality rate per 100 person-years by state was 0.62 (0.22-0.97) and ranged from 0.06 to 1.42. In the Medicare population, the median (IQR) mortality rate per 100 person-years by state was 4.61 (1.64-6.88) and ranged from 0.80 to 9.64.
The hazard of death was not constant over the 2-year follow-up in 11 (26.8%) of the 41 states in the commercial cohort and 18 (43.9%) of the 41 states in the Medicare cohort. In several states in which hazard was not constant, we observed a discrete inflection point at which the mortality rate abruptly decreased (Figure 1) . Across states, these inflection points did not occur at any fixed common time point, and the size of the inflection (ie, change in slope) varied. Among states with constant hazards of mortality, rates per 100 person-years varied widely for both the commercial and Medicare populations
Key Points
Question Are mortality rates calculated with data from the Social Security Administration Death Master File reliable for use in clinical research?
Findings In this study of mortality data of 667 516 adults with atherosclerotic cardiovascular disease, the Social Security Administration Death Master File appeared to markedly underestimate mortality rates, with variable undercapture among states and over time.
Meaning The Social Security Administration Death Master File data appeared unreliable and should not be used alone by researchers to estimate mortality rates. (Figure 2 ). The mortality rate per 100 person-years among states with a constant hazard ranged from 0.06 to 1.30 for the commercial cohort and from 0.83 to 6.07 for the Medicare cohort.
State-level mortality rates per 100 person-years for adults with ASCVD aged 55 to 64 years in the commercial cohort (n = 183 476) and for adults aged 65 to 74 years in the Medicare cohort (n = 154 497) compared with the overall mortality for these age groups in each state, according to the NCHS, are displayed in Figure 3 . No correlation was found between the SSDMF and NCHS state-level mortality rates for the ASCVD population in either cohort (ρ = 0.29 [P = .06] for age 55-64 years; ρ = 0.18 [P = .27] for age 65-74 years).
Discussion
Given its timeliness and ease of access, the SSDMF is commonly used for research purposes to evaluate mortality, and data vendors continue to offer SSDMF linkages to researchers as part of real-world evidence services. Previous work has demonstrated that the SSDMF may undercapture mortality, 15, 16 The state-by-state variability was out of proportion to the heterogeneity across states in overall state-level mortality rates using data maintained by the NCHS, suggesting differential undercapture of mortality using the SSDMF by state. Adults with ASCVD can be expected to have higher overall mortality than the general population, yet in many states, the mortality rate, estimated using the SSDMF for adults with ASCVD, was far lower than the NCHS-derived mortality rate for adults in the same age category. Further evidence of the lack of reliability of SSDMF mortality estimate comes from examining the shape of the hazard function. Biologically, the hazard of mortality should be constant over relatively short time windows, such as the 24 months assessed in this study; however, death data from more than half of the states demonstrated a nonconstant hazard, indicating that, within states, variability in the completeness of death data reporting occurred over time. Patterns of apparent undercapture of death data from the SSDMF varied, making it nearly impossible to identify specific states in which death data from the SSDMF may be reliable.
In several states, discrete time points were identified after which the risk of death abruptly decreased, suggesting that SSDMF mortality reporting appeared to stop or markedly drop off; however, these times were not similar across all states. Other states exhibited nonconstant hazards of death but with mortality curves that appeared to taper off over time, preventing researchers from identifying a single point in time to censor data to prevent undercapture.
Limitations
This study has several limitations. First, we restricted our analysis of SSDMF data to adults with ASCVD, and we evaluated mortality only through 2015. However, given the lack of change in SSDMF data collection practices, the issues of data completeness identified in this study likely extend to other disease states and are unlikely to have improved since that time. Second, state-level mortality data stratified by ASCVD status are not available from NCHS. However, we believe the comparison of variability in mortality between the 2 data sets across states still highlights the biologic implausibility that these differences were the result of true variation in ASCVD survival rather than differential data capture.
Conclusions
The SSDMF appears to undercapture mortality, with variable undercapture by state and over time, which may lead to artifactual geographic and temporal differences in mortality rates. Researchers should avoid relying on mortality estimates based on the SSDMF alone and be aware of heterogeneity in SSDMF data completeness. A, Orange dots show state-specific mortality rates per 100 person-years from the SSDMF for patients with ASCVD aged 55 to 64 years in the MarketScan commercial database. Blue dots show age group-specific state-level overall mortality rates from the NCHS for comparison. B, Orange dots show state-specific mortality rates per 100 person-years from the SSDMF for patients with ASCVD aged 65 to 74 years in the MarketScan Medicare database. Blue dots show age group-specific state-level overall mortality rates from the NCHS for comparison. No correlation was found in mortality estimates between NCHS and SSDMF (ρ = 0.29 [P = .06] for age 55-64 years; ρ = 0.18 [P = .27] for age 65-74 years).
